Complement-fixation tests were used to compare strains of Mycoplasma mycoides var. mycoides (5 strains), M. mycoides var. Capri (5 strains) and M . laidlawii of bovine genital origin (3 strains). Strains of M . mycoidesand M . Capri showed cross-reactions of about 25% identity, but strains of M . Zaidlawii appeared to be antigenically distinct. The results, measured in terms of the amounts of complement fixed, are shown graphically and discussed in relation to the diagnosis of contagious bovine pleuropneumonia.
I N T R O D U C T I O N
The clinical diagnosis of contagious bovine pleuropneumonia (CBPP) presents many difficulties because of the occurrence within a herd of atypical cases, subclinical infections and apparently recovered animals which may harbour viable organisms within sequestra in the lungs. Serological tests have been developed to aid diagnosis, notably techniques of agglutination, precipitation, complement-fixation (CF) and allergic skin tests. All have had variable success; none entirely meets the ideal diagnostic requirements of specificity, reliability and ease of use (Gourlay, I 965 ; Griffin, 1967) . The main diagnostic problem remains the recognition of the 'carrier' animal in which the titre of circulating antibody is below the thresholds detectable by existing serological tests. Complement-fixation tests have, in general, been chosen for the examination of sera from individual animals because experience has shown that positive reactions may be expected from the sera of a greater proportion of cattle at different stages of infection than by the use of any other single test. The value of agglutination tests, which for field diagnosis are easier to use, has been limited by lack of specificity and sensitivity manifest in the occurrence of both positive and negative false reactions (Ito, Turner, 1962 ). An explanation for false negative reactions postulated by Turner was the neutralization in vivo of circulating antibody following the release of specific mycoplasma antigen into the circulation, possibly during a septicaemic phase of acute infection. Adler & Etheridge (1964) failed to improve the sensitivity of the test by modification of the method of preparation of the agglutinating suspension. A suggested explanation for false positive reactions is the occurrence of antigens common to Mycoplasma mycoides var. mycoides (M. mycoides) and other mycoplasma species CF tests for mycoplasmas I33 The strains used and their origins are listed in Table I ; all were preserved at -20°, both frozen in broth culture and lyophilized. The virulence of strains of Mycoplasma mycoides, with the exception of strain K H~/ J , was confirmed by the subcutaneous inoculation of fresh broth culture into susceptible Zebu bulls. The virulence of strains of M. capri was confirmed similarly by subcutaneous inoculation in susceptible goats. Antigens Antigen suspensions of each strain were prepared from ox serum enriched broth cultures as described by Griffin (1964), using a frozen culture as seed. The cultures were centrifuged in a Sharples continuous-flow centrifuge and the organisms harvested in sterile 0.01 M-phosphate buffered saline (PBS, pH 7-3). Untreated mycoplasma CF antigen suspensions (Card, 1959) were used throughout. The crude suspensions were ground in Griffith tubes, washed and resuspended at 1/10 dilution and stored at 4" with thiomersalate (I /IO,OOO) as a preservative.
Strains of mycoplasma
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Antisera
Anti-mycoplasma sera were prepared in New Zealand white rabbits of about 2 kg. bodyweight as described by Griffin (1964). Intravenous injections were used of increasing volumes of washed antigen suspension diluted in PBS to a density equivalent to Brown's opacity tube No. 3 (Burroughs Wellcome). All sera were inactivated at 1/10 dilution by heating for 30 min. in a 56" water bath. Natural haemolysins against sheep red cells were removed by absorbing the sera with sheep red cell stromata. The stromata were prepared by lysing a volume of red cells packed by centrifugation at 1000 g for 20 min. with an equal volume of distilled water, followed by freezing and thawing once. The stromata were washed three times in diluent, resuspended to their original volume and stored at -20". One volume of stromata was mixed with two volumes of rabbit antiserum at I / 10 dilution and the mixture incubated in a water bath at 37" for 20 min. The mixture was centrifuged, the absorbed serum decanted and the absorption process repeated.
Antisera were stored at -20" and working sets in 5-0 ml. volumes to which thiomersalate (I/IO,OOO) was added were dispensed and stored at 4". Antisera against Mycoplasma mycoides strain K H~/ J , M . capri strain N.IO~ and M . laidlawii strain 35 were designated as representative sera for their particular species.
General procedures for CF tests Antigen standardization. The object of this assay was to select a routine test dilution of each antigen suspension which in the presence of a 1 / 1 0 dilution of an homologous antiserum would fix an arbitrarily chosen amount of complement (1.0 log.-units) under the test conditions. Two-dimensional assays were made in which dilutions of each antigen were titrated against dilutions of guinea-pig serum in the presence of a 1/10 dilution of homologous serum as the constant test component.
Comparison of complement-fixing antigens. The routine test dilution of each mycoplasma antigen, in the presence of dilutions of an homologous or heterologous rabbit anti-mycoplasma serum and dilutions of guinea-pig serum was tested for complement fixation. Strains of each species were examined for antigenic homogeneity before the cross-reactions between species were investigated. Two-dimensional assays were used throughout in which a log. 0.3 dilution series of each representative antiserum was tested against a log. 0.2 dilution series of guinea-pig serum in the presence of antigen suspension dispensed at the routine test dilution as the constant test component. Two plates were used for each titration; on plate I a complete test was done and on plate 2, a serum control plate, the antigen was replaced by unit volume (0.02 ml.) of diluent. A linear complement titration without antigen was included as a control for pro-or anti-complementary activity of the antigen suspension.
The log.-units of complement fixed specifically by each antigen were calculated from the differences in the fixation obtained between corresponding rows in the full test (plate I) and the antiserum control plate (plate 2). Graphs of the complement fixed (log.-units) by the routine test dilution of each antigen suspension in the presence of antiserum were plotted on graph paper. The areas beneath the curves, which represented the complement fixed, were used as a basis for comparison of the antigens. Areas were measured as described by Kraft & Melnick (1950) with a compensating polar plani-CF tests for mycoplasmas I35 meter (A. Ott, Kemten, Bayern, West Germany). This method gave the same results as the method of weighing described by Fulton & Dumbell (1949) .
RESULTS
Determination of the minimal haemolytic dose of haemolysin and the complement unit The results of a typical assay are shown in Fig. I , in which the complement unit was defined in a log. 2.0 dilution of guinea-pig serum. The minimal haemolytic dose of haemolysin was observed at log. 2.7 dilution of the horse anti-sheep red cell serum from which the optimal sensitizing concentration was calculated as log. 2-1 dilution of the particular serum. 
Standardization of antigens
The results of an assay of Mycoplasma mycoides strain KH3/J antigen are given in Table 2 , and the results for all strains are summarized in Table 3 and shown in Fig. 2  3, 4 , from which the test dilutions of each suspension which fixed 1.0 log.-units (0.2 mm.3) of complement were determined.
Relationship between strains within each species
The results of titrations of dilutions of each representative antiserum and dilutions of guinea-pig serum in the presence of the test dilution of each antigen suspension of the homologous species are shown in Fig. 5, 6 , 7. The areas beneath each curve expressed as fractions of the area obtained in the homologous sets (= I-o), which enabled direct comparison of the amounts of complement fixed to be made, are shown in Table 4 . The results show that strains within each species group were not identical, since reciprocal cross-reactions were not observed. However, within each group substantial cross-reactions did occur, which suggests that the strains are similar antigenically. Mycoplasma mycoides strain ZAGO fixed less complement with the representative antiserum, which suggests it was antigenically weak. 
Relationship between strains of heterologous species
Titrations were made between dilutions of the representative antisera and dilutions of guinea-pig serum in the presence of the test dilutions of each heterologous antigen suspension. The log.-units of complement fixed specifically in each heterologous antigenantibody reaction were calculated and the results shown graphically (Fig. 8, 9 ). Areas representing specific complement fixation expressed as fractions of the areas obtained in homologous antigen-antibody sets are included in Table 4 . despite small and irregular cross-reactions with certain strains of M . mycoides and M. capri. Since reciprocal cross-reactions were not observed, the relationships between M . mycoides and M. capri have been expressed as the arithmetic means of the complement fixation observed in each complete antigen-antibody set. These results (Table 5) show the size and regularity of the cross-reactions among strains of these species. (Harbourne, Hunter & Leach, 1965 ) but its significance is not well understood. Furthermore, because this organism had been shown to be related serologically by both agglutination and precipitation tests to M. mycoides (Provost & Villemot, 1959) and to be antigenic for cattle, its possible immunogenicity against contagious bovine pleuropneumonia (CBPP) was suggested (Provost, I 960) although subsequent experiments did not confirm this suggestion (Provost, Villemot & Queval, 1964) .
Cross-reactions of about
Strains of Mycoplasma capri, likewise, related serologically to M. mycoides (Provost & Villemot, 1959; Villemot & Provost, 1959 b) and antigenic for cattle did not protect cattle against CBPP (R. M. Griffin, unpublished data). Hudson (1964) , in Australia, also failed in attempts to protect cattle against CBPP with the Y strain of mycoplasma isolated from a goat and related serologically by CF tests to M. mycoides (Laws, 1956) . Mycoplasma capri does not appear to be a naturally occurring pathogen for cattle, although the pathogenicity of strains experimentally have been reported (Heikkila, 1956; Provost & Villemot, 1959) . Opportunities among cattle for transmission of micro-organisms by the respiratory route are frequent because among nomadic cattle-owners in Northern Nigeria it is the practice to graze and kraal together cattle, sheep and goats. It seemed, therefore, among those mycoplasmas which might stimulate in cattle the production of antibodies which cross-react with M. mycoides, thereby interfering with the response to serodiagnostic tests for CBPP, that M. capri and M . laidlawii should first be investigated.
Among the problems found with complement-fixation (CF) techniques for CBPP diagnosis (reviewed by Griffin, 1967) The relationship between Mycoplasma mycoides and strains of M . ZaidZawii of human origin was investigated by Card (1959)~ who, in linear CF tests between antigen-antibody sets, found a slight cross-reaction. Provost, Villemot, Queval & Borredon (1964) , with bovine genital isolates of M . laidlawii and antisera prepared in donkeys, obtained results similar to those of Card. They reported also a close relationship between M . ZaidZawii and M . Capri, a result which conflicts not only with those of the present study in which some of Provost's strains were used, but also with the results of Edward & Leach (1964) .
It seems likely that these anomalous results are caused by differences in the cultural methods, antiserum preparation or CF techniques used. Antisera prepared in different hosts and by the use of different injection schedules may stimulate different responses to particular antigens, which may be detected by CF tests. It is difficult to compare the degrees of sensitivity of the many CF techniques which have been used. A refinement which might be applied to comparisons of the amounts of complement fixed would be to define from the complement unit the smallest detectable amount of complement. This could then be used as a base line for graphs used for the measurement of the areas of fixation. Conclusions about these antigenic relationships must await the results of tests with more strains made under standard conditions. However, the antigenic cross-reactions revealed between the strains of Mycoplasma mycoides and M . Capri suggest that this latter organism may be a cause of non-specific positive results in serodiagnostic tests for contagious bovine pleuropneumonia. This postulated relationship needs further field investigation and its significance must be evaluated in the wider context of antigenic cross-reactions among M . mycoides, other mycoplasmas, bacteria and polysaccharides from other sources reported recently (Gourlay & Shifrine, 1966; Shifrine & Gourlay, 1967) .
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